Abstract. In this paper, global exponential stability for a class of generalized state-space timedelay systems is considered. Delay-dependent criteria are proposed to guarantee the exponential stability and estimate the convergence rate for the generalized state-space systems with two cases of uncertainties. Finally, some numerical examples are illustrated to show the usefulness of the theory.
Problem formulation and main result
Consider the following generalized state-space time-delay systems:
( ) 
where M and , , are some given constant matrices, is an unknown real time-varying continuous function with appropriate dimension and bounded as follows: 
where , , are given matrices.
Remark 1: System (1) can be rewritten in the following form:
is singular, , and
Since the matrix E is singular, the system (1) is said to be a generalized state-space system (or singular system, descriptor system) with time delays [1] . Remark 2: System (1) is a general form of many physical systems; see for examples (a) Uncertain neutral systems [13] [14] :
where ,
, where
]
This implies that system (4a) is a special case of system (1) 
(4b) (b) Delayed cellular neural networks [8] [9] [10] [11] [12] :
System (5a) can be rewritten as follows:
where , 
is bounded monotonically nondecreasing and satisfies
where , , are some given nonnegative constants.
is an equilibrium point of system (5b), we can obtain the following system:
By the inequality (5c), we have
where Γ . This implies that (6a)-(6d) is a special case of (1) with (A2) and
(6e) ,
Definition 1:
The system (1) is said to be the globally exponentially stable with convergence rate α , if there are two positive constants α and ρ such that 
, and any constant
, the following inequality is satisfied:
Lemma 2: [4] Let
and Q be symmetric real matrices, then
holds if and only if there exist ε such that
Now we present a delay-dependent condition for the global exponential stability of system (1) with (2). Theorem 1: The system (1) with (2) is globally exponentially stable with convergence rate 0 > α , if there exist some positive definite symmetric matrices P, , 
where , 0 0 
where and 
From the Schur complement of [17] with (7), we obtain the condition 0 < Ω in (9a) and (9c). By the result in (9a) with , we conclude the following result
Hence we have
. By Definition 1, we conclude that the system (1) with (2) is globally exponentially stable with convergence rate α . In the next, we propose a delay-dependent condition for global exponential stability of system (1) with (3). Theorem 2: The system (1) with (3) is globally exponentially stable with convergence rate 0 > α , if there exist some positive definite symmetric matrices P, ,
, some matrices , , and some nonnegative constants 
, such that the following LMI condition is satisfied: , 
, , , and the matrix is defined in (11) . By Lemma 2 with and (12), we have
The result of (10) can be achieved in the same derivation. This proof is completed. Remark 3: By setting 0 = α in Theorem 1 and Theorem 2, we can obtain the global asymptotic stability results of system (1) with (2) and (3), respectively.
Numerical examples
Example 1: Consider the following neutral time-delay system: , ,
By setting δ β , system (13) can be reduced to a retarded time-delay system (Example 2 of [15] delay system (13) . Some comparisons with the obtained results and [15] are shown in Table 1 . From Table 1 , the results in this paper are less conservative and have some better exponential estimates. Example 2: Consider the delayed cellular neural networks with the following parameters: (13) . Some upper bounds of system trajectories for the time delay system (13) , the results of [8] and [11] cannot provide any conclusion.
Conclusion
In this paper, the global exponential stability for generalized state-space time-delay systems has been studied. Based on the LMI approach, delay-dependent stability conditions have been proposed to guarantee the stability of systems. Some numerical examples have illustrated the contributions of this paper. From the simulation results, significant improvement over the recent results has been observed.
